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ABSTRACT OF TWZ OZSCZ«OSURE 

A coQipositlcn of an alijpha^ic aster-amide copolymer 
which ifl soluble in an organic . solvent with an LD56 value 
(orally administered to a rat) oi about 2,000 mg/kg or 
more. 
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TITUB or «HB ZHVrRTZON 
Aliphatic e«t«r->Amidtt CopolTaar llesiaa 

5 PZSZJ) OP XKS ZHVZHTZOS 

The present invention relates to aliphatic eater-amide 
copolyaera, their aodiXled raeins, and a solution and 
cooposition thereof. Partioilarly, the aliphatic ester- 
aaida copolymers of the present invention are soluble in an 
10 organic solvent which is not harmful to the human body vlth 
or without addition of an 1"«>r gwnt g wetiil salt. The 
aliphatic ester-amide copolymers may exhibit 
biodegradability. The copolymers of the present invention 
can be used safely for various applications. 

15 

BACXaROUSD OF TBS ZirVBMTZOll 

Biode^adable plastics typified by aliphatic polyester 
rasins have been receiving considerabla attention as 
increasing attention has been, paid to envlronaental 

20 problems in recent years, sad are expected to be used in a 
lot of applications. Bowsver, since there exist no good 
solvents for the aliphatic polyesters which can be handled- 
easily, it is significantly difficult to aold the aliphatic 
polyestet resin by a method genarally used for molding 

25 conventional plastics such as a solvent-cast method, icnown 
solvents are formic acid, hezaflttoro-2-propanol and m- 
cresol, but they are very harmful to the human body or 
environment, for example some of them depleting th« ozone 
layer. Handling such a solvent is very difficult and it 
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requlras a larg« inveatjaent In «<julpo»nt: to use it. Thus 
disadvantageous ly the Aliphatic polyesters have only much 
limited use since they cannot be molded from solution 
thereof . 

The aliphatic eater-aaide copolymers, as described In 
Japanese Examined Patent Publication HOa. JP-56-B-38115 and 
JP-57-B-26688, Japanese anoxamined Patent Publication Noa. 
JP.06-A-200016 and JP-06-A-192417, are excellent reelna 
which have toughneaa of aliphatic amide resins together 
with good wor)cabUity of aliphatic eater raains and alao 
have blodegradability of aliphatic polyester restna. 

However, aimilarly to the aliphatic polyeatera, no 
other advents are 3cnown which can give a solution state to 
the aliphatic eater-amide copolymers than formic acid, 
hexafluoro-2-propanol and »-craaol which are harmful to the 
human body or envlromnant. For molding auch a resin, a 
advent such as formic acid, hexafluoro-2-propanol or a- 
craaol ia required to be uaed. Therefore the aliphatic 
eater-amide ccpolyaara have the aimilar defecta to the 
above aliphatic polyeater reaina^. 

On the other hand, in mahufacturlng artificial leather 
uaing an aliphatic polyamide, a step is conventionally 
known wherein the aliphatic polyamide ia diasolved in a 
solution of a metal salt typified by calcium chloride in 
methanol or ethanol, followed by application thereof to a 
subatrate such as non-woven and washing. The obtained 
reprecipitatod reain haa a leather-like surface (aee o.s. 
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Patent No.2,359,878) . The thus obtained clit^hatic 
polyamide resin, however, does not have good worlcability 
because heat treataent for eaoothlng the surface of the 
reprecipitated resin must be conducted at a high 

5 temperature due to the high laslting point thereof • 

Further, such an aliphatic polyaxalde is not biodegradable. 

Hylon r^sxxxs are convmntionally aodified with H- 
alicoxyaethyl by reacting them with formaldehyde and a lo*wr 
alcohol so as to lower the nolding temperature, improve the 

0 ^#or)cabillty and give softness. The type-8 nylon is 
actually utilized. It is also known that the N- 
aUcoxynethyl nylon has a characteristic of being soluble in 
alcohols. Although such modified aliphatic polyamides have 
excellent properties, they cannot be aicrobiologically 

5 degraded or disintegrated. 

SUMMARY or ma xnvmiOM 

It is an object of the present invention to provide a 
vcoBposltion of an aliphatic est^er-aaide copolymer which is 
soluble in an organic solvent ifixh an LD50 value (orally 
administered to a rat) of about 2,000 ag/kg or more. Tfte 
present invention provides .^a solution of an aliphatic ester- 
amide copolymer in which the copolymer is dissolved in an 
organic solvent %#ith an LD50 value (orally administered to a 
rat) of about 2,000 mg/kg or more in the presence or absence 
of an inorganic metal salt. The present invention also 
/provides a molded or casted article produced by dissolving a 
composition of an aliphatic ester-amide copolymer in an 

3 
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orgailic solvent with an LD50 (orally administered to a rat) 
value of about 2,000 mg/kg or more in the presence or 
absence ot an inorgamic Hiatal salr and then reooving the 
solven-t from the solution to change a configuration of the 



BRZBP oescurpTiOH or tkx drakzkgs 

Pig. 1 shows a DSC chart of an unmodified aliphatic 
ester-aaide copolymer of the present invention; 

Pig. 2 shows a DSC chart of an aliphatic ester«amido 
copolymer modified with aethoxymethyl in accordance with 
zhm present invention; 

Pig. 3 shows a DSC chart of an unmodified aliphatic 
ester *aaide copolymer of the present invention; 

Fig. 4 shows a DSC chart of an aliphatic ester**antide 
copolymer modified with methoxymethyl in accordemce with 
the present invention 1 

Pig. 9 shows a photograph of surface profile of the 
film obtained in Test Bzaaple* 18 taken with a scanning 
electron microscope at a magnification of 350 x; 

Pig* 6 shows a photograph, of surface profile of the 
film obtained in Test Sxasple 18 taken with a scanning 
electron microscope at a magnification of 7,500 x; 

Pig. 7 illustrates changes with time in the 
concentration of dissolved phosphorus when the coated 
granular fertilizer of Teat Sxaxaple 25 was dipped in water; 

Pig* 8 illustrates changes with time in the 



copolymer. 
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concontratior. of dissolved phosphorus when the coated 
granular fertilizer of Test Bxaa^jle 26 was dipped in water; 

Pig. 9 illustrates changes with time in the 
concentration of dissolved phosphorus when the coated 
granular fertilizer of rest Sxamplo 27 was dipped in water. 

0BZA2LBD OESCRZPTZOH OP XHK XNVERTZON 

The present invention Is based on a finding that an 
aliphatic ester -amide copolyaer can be dissolved in an 
organic solvent which is low. toxic and is not harmful to 
the human body, especially aa organic solvent which has aa 
LD50 of at least 2,000 mg/Jcg (orally administrated to a 
rat), in tbe presence or absence of an inorganic metal 
salt. Therefore, the dLhventlon provides such a solution. 

According to one aspect of the invention, it provides 
an aliphatic ester-amide copolymer soluble in the above 
mentioned solvent which has a low weight-average molecular 
weight from about 1,000 to 10,000 and has biodegradability. 
Such resin is believed not to have been disclosed in any 
literatures. 

According to a further aspect the dLnvention, it 
provides a new modified aliphatic ester-amide copolymer lo 
which at least a part of amide units of an aliphatic ester- 
amide copolymer are modified with an alkoxynethyl and/or 
hydroxymethyl group. The modlfiod copolymer can exhibit 
biodegradability and baa a property of being soluble even 
in the presence or absence of an inorganic metal salt. 

The low-toxic organic solvents used in the invention 
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ara prefexably aliphatic organic solvents with etn LD50 
value of about 2,000 mg/kg or more which do not harm the 
human body. Examples of the aliphatic organic solvents are 
an aliphatic alcohol having 6 or leas carbons, an aliphatic 
glycolic other type compound represented by the following 
formula (A) : 

R9 (OCH2CH2)nRl0 (A) 

, wherein R9 represents a Ci^4 aUcyl group, Rio 
represents a hydroxyl, C1-4 aUcDxy, amino or acetyl group, 
and n represents an integer from 1 to 3, a C2-« aliphatic 
acid, a C2-6 aliphatic sulfoxide and a C2-6 aliphatic 
amide. 

Kxaaples of the above R9 are -CH3 and -CH2CH3, and 
exan?)les of t^.^ above Rio are -oa, -OCH3, -OCH2CH3, -RH2 
and -OCOCH3. 

Examples of the above aliphatic alcohol are methanol, 
ethanol, propanol, isopropanol, butanol, ethylene glycol, 
glycerin and hexanediol. Moet preferable alcohol are 
methanol axul ethanol. Szasples of the aliphatic glycolic 
ether typa cosroound are 2-ethoxyethanol, 2-nethoxyethanol, 
2-(2-ethoxyethoxy)ethanol, 2-ethoxyethyl acetate and 2-- 
methoxyethyltrijie. Most preferable ethers are 2- 
ethoxyethanol and 2-methozyethanol. ^xaiqile of the ^ ^ 
aliphatic acid are acetic acid, propionic acid, butyric 
acid, lactic acid and hydroxycaproic acid. Example of the 
aliphatic sulfoxide is dimethyl sulfoxide. Bxaa^jles of the 
aliphatic amice are dimethyl formamide and N-methyl-2- 
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pyrrolidone. 

These adiphatic organic solvents may be used 
independently or optionally as a mixture thereof. 

The boiling point ol the- aliphatic orgamic solvent is 
5 preferably within the range from about 30^c to 250*C, 

taJcing into account a easier handling at room temperature 
and drying by removal of the solvent from the resin. 
Particularly preferaMe aliphatic organic solvents are 
methanol, ethanol, 2-ethoxyethamol, 2-methoxyethanol, 
10 acetic acid, dimethyl sulfoxide and a mixture thereof « 

The conventionally used solvents such as formic acid, 
chloroform, h3xafuluoro->2-propanol and m-cresol are very 
hemaful to the human body and very likely to destroy the 
environment, for example causing depletion of the ozone 
15 layer. Therefore, in use, they are significantly diffictilt 
to handle and need expensive equipments. The aliphatic 
organic solvent of the present invention has an LDSO value 
(orally administered to a rat) of about 2,000 mg/ltg or 
more. The U350 values of the aliphatic organic solvents of 
20 the present invention and conventionally used organic 
solvents are shown in the following table i 
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Table 1 : LOjo values o£ organic solvQats 



Organic solvent 


LD50 value (mg/kg) 


Mer.hanol 
Ethanol 

2 -Bthoxyet hc^.ol 
2-Hechoxy«^hanol 


5,628 
7,060 
3,000 
2,460 


Fozmlc acid 

Chlorofoxm 

a-Crespl 


1,100 
908 
242 



Th« above dBscrlbid aliphatic organic solvent may 
contain water, whether tho solvent should contain water or 
not and, if contains, how ouch water it should contain can 
be suitable dscidod, depending on how resin is used, in 
what thicJcness the resin is applied or the like, in 
addition, in order to obtain a solution containing a lot o£ 
resin, the water content la preferably small. 

The term "dissolved* or "soluble* according to the 
present invention means that 1 part by weight. or more of 
resin nakes a homogeneous solution In 100 parts by weight 
of solvent at room teaperature or with heating to a 
temperature up to the boiling point of the organic solvent 
used. The tera also refers to a state in which (especially 
at room temperature) a resin and solvent are substantially 
homogeneous, a part of the resin gels or the organic 
solvent separates to some extent, without substantial 
separation of the organic solvent or precipitation of the 
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resin. 

A preferable group of the aliphatic eater-amide 
copolymers of the present invention have a weight-average 
molecular weight within the range from about 1,000 to about- 
10,000. It has been found that such a resin can be 
dissolved in the above-described organic solvent which is 
not harmful to the human body. Therefore,, the resin can be 
easily molded by the aolvent-caat method using a solution 
thereof. The weight-average molecular weight ia preferably 
from about 4,000 to about 9,000, especially 4,000; 4,500; 
5,000; 5,500; 6,000; 7,000; 8,000; and 9,000. 

The aliphatic ester-amide copolymer of the invention 
is preferably biodegradable. The aliphatic ester-amide 
copolymer, vitnr. the content of amide units on the main 
chain thereof is from about 10 to about 80 mol%, preferably 
from about 10 to about 60 mol%, become an excellent resin 
which can exert the toughness ol the aliphatic amide 
together with the good workability of the aliphatic eater 
and further can exert the biodegradability of the aliphatic 
polyester. 

The aliphatic ester-amide copolymer of the Invention 
is constitutzc of a ester unit and amide unit. 

The ester unit may be axxy. ester unit unless it 
contains an aromatic ring, roz a preferable example, the 
ester unit is represented by the following formula 

-O-Rl-CO- (I) 

, wherein Ri represents a Ci-g straight -chain alkylene 
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group or a branched chain alkylona group in which a part: of 
the hydrogen atoma of said straight-chain alJcylene is /are 
substituted with a C1-3 alkyl group and/or the following 
formula (2): 
5 -O-R2-OCO-R3 -co- (2 > 

, wherein R2 represents a C2-6 straight-chain alkylene 
group or a bremched chain al)cylene group in which a part of 
the hydrogen atoms o£ said straight-chain alkylene is /are 
substituted virh a C1-3 alkyl group and R3 represents a C2- 

10 10 BtradLght-chain alkylene group or a branched chain 

alJcylene group in which a part of hydrogen atoms of said 
straight -chain alkylene is/are substituted with a C1-3 
alkyl group. The ester unit of the formula (Ij or (2) can 
be contained singly or in the combination of the two, 

15 Examples of the above Ri aire -CH2-/ -CH(CH3)-# 

-CH(CH3)CH2-, -CH(C2H5)CH2-# -CHCCHs ) (CH2) 3-# and -(CH2)5-- 
Exain>les of R2 are -(CH2)2-/ -CH(ca3)CH2-# -(CH2)4-# 
-(CH2)6-» Esaaplee of R3 are -<CH2)2-/ -CH(CH3)CH2-/ 
-(CH2)4-/ •(CH2)6-, and -(CH2)8-. 

20 The amide unit may be any amide unit unless it 

contains an aromatic ring. For preferably example, the 
amide unit is represented by the following formula { 3 ) : 
-IIH-R4-CC- (3) 

, in^erein R4 represents a C2-12 straight-chain 
25 alkylene group or a branched chain alkylene group in which 
a part of hydrogen atoms of said straight -chain alkylene 
is /are substituted with a C1-3 alkyl group, and /or the 
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formula (4) 

-NB-Rs -:r-C0-R6-C0- ( 4 ) 

,wh«rain R5 r«pr«s«nta a C2-6 atraight -chain al)cylano 
group or a branched chain alJcylene group in which a part of 
tha hydrogen ctoma of said atraight-chala alJcylene l«/are 
aubatltuted wirh a C1-3 aUcyl group and Rs represents & C2- 
10 atralght-chain allcylen« group or a branched chain 
alJcylene group In which a p*rt of the hydrogen atone of 
■aid atralgh-r-chain alkylene is /are substituted with a €1.3 
al}cyl grcup. The amide unit of the foraula (3) or (4) can 
be contained singly or in the combination of ^he two. 

Exaaplea of the above R4 are -CH2-/ -CU{CH3)-, 
-CH(CH3)CH2-, -CH(C2H5)CH2-, -CH(CH3 ) (CH2 ) 3-, and -(CH2)5-. 
Exaaqplas of .-.5 are -(CH2)2-/ -CH(CH3)CH2-, -(CH2)4-* and 
-(CH2)6-. Bxejaplei of R5 are -<CH2)2-/ -ca(CH3)CH2-, 
-(CB2)4-» -(CH2)«-, and -(CH2)8-. 

Another croup of aliphatic eater-aalda copolyaera used 
of the present invention are Bodifled aliphatic ester-aaide 
copolyners ia which a part or all o£ the hydrogen atoos of 
the amide grccps of the aliphatic ester-amide copolywer are 
Bubstitatfid with an alkosyMthyl and/or hydroxyaethyl 
group* 

The ester unit of the nodif led aliphatic ester-amide 
copolymer is preferably represented by the following 
fomnla (l)i 

-O-Rl-CC- (1) 

, wherein Rl represents the sajue as defined above. 
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and/or rhe following fonmiJLa (2)i 
-O-R2-OCC-R3-CO- ( 2 ) 

, vherei:: R2 and R3 represent the same as defined 
above. The e3^er unit of the formula (1) or (2) can be 
5 contained ai-igly or In the combination of the two. 

The substituted amide unit of the modified aliphatic 
ester-amide copolymer is preferably represented by the 
following f ormla ( 3 ' ) 1 

(3') 

10 r wherein R7 represents a hydrogen atom, an 

eiDcoxysiethyl or hydroxyaethyl gronp and R4 represents the 
same as defin3d above) and/or the formula (4') 
-NR7-R5-*'?.7CO-R6-CO- ( 4 ' ) 

, wherei* two R7 represent, the same or different/ the 
15 same as defined above/ and R5 and R^ represent the same as 
defined above;. The amide unit of the formula (3*) or (4*) 
can be contair.'Sd singly or In the combination of the two. 

Examples cf the above R7 are -B/ -CB2OU/ -CH2OR8 (R8 
to be defined later), though not all of R7 are 
20 Sxas^les of Ri, R2/ R3# R4# R5 and R6 are the same 

groups as defined above. Further/ in the modified 
aliphatic estsr-amlde copolymers of the present invention/ 
a part or all of the hydrogen atoms of amide groups are 
substituted with a al)coxymethyl and/or hydroxymethyl group. 
25 For exaatple, the al)coxymethyl group is represented by the 
following for=:la (5)t 

-CH2.0-?.: (5) 
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20 



group or a bri'-chod chain aDcyl group in which a parr, 
pr«farably or« to tvo, of tha hydrogen atoma ot said 
rtralgbr -Chair, alkyl group ij/ar« lubstltuted with a aethyl 
group. g x ai np l33 of Ra in ttm abovo fcraula ara -CHa and 
-CH2CH3. 

Examples cf rha alJcoxysttthyl group aro oarhozyna^hyl 
and •thoxyna-t^yl . 

Preferably in the aodif lad aliphatic eater^aAlde 
copolyner of ^lie present Imrention, zhm upper lisLit on the 
rario of the 'nide units to all the units is aix>ut 80 aol%. 
Vhen the ratic of the amide unite exceed ab>cut 80 aol%, the 
resin is not lijcely to be elcrobiologically degraded or 
dlsintegratec :j:y aore. The disintegration here laeans that 
the conf igure-ion of xmnLn is broken down by microbes Into 
resin fragDen*:- aainly constituted of aiilde units which are 
stable to aicrcbes. For cci:plete degradation by odxzrobee 
at a noleculcr level (referred to as complete 
blodegradatlor. hereafter)^ the itp{;er liadt on the ratio of 
the amide uni^s Is preferably about 70 nol%, nore 
preferably abczt 60 bo1%. The lower limit ia about 10 
Bol%. When c>.9 ratio of the amide units is below about 10 
mol%r the ascv:it of al)coxymethyl in the aodif xed aliphatic 
ester-*amide ccpolyaer is so small that the copolymer cannot 
be dissolved singly in the organic solvent. Generally, 
since raw aatarial coepoonds for the ester unit are sore 
expensive tha- those for the amide unit, a completely 
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biodegradable resin is more expensive. The copolymer may 
be apt:ly made oiodlsinregrable or cootplerely biodegradable, 
depending on application requironents and cost: 
requirements • 

The aliphatic eater-amide .copolymers contain both 
ester and am.^:^ units on the polymeric main chain and 
characteristically the copolyxoer B»lecules thereof bond 
firmly to each other due to intenaolecular force among the 
units. It is considered that, in the present inven^on, 
the hydrogen I^ond among the axaide units is weakened by 
axibstituting ^ part or all of the hydrogen atoms of the 
amide groups ^-ith aUcoxymetfayl and/or hydroxyiDethyl groups, 
so that poly=::Tic chain is dissolved in the organic 
solvent . 

Additioodly, when the intenaolecular force among the 
ester units Lr strong, the resin is not dissolved, or it 
gels when mixad with a solvent such as lo%#er alcohol, 
because the cc;olymex molecules hardly separate from each 
other at room temperature duo to strong intermolecular 
force among t:i9 ester unite* Zn this case, since the 
intermolecular force between the ester units can be more 
easily veaken-^d by heating than that between the amide 
units, it is ^sffective to heat when the modified copolymer 
can hardly be dissolved in a solvent. 

In the codified aliphatic ester^amide copolymers of 
the present i7.*'entioni the product of the ratio to all the 
amide units ol amide units wheroin the hyurogen atoms of 
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the amide qrc -z^ &ro jubsritutad by alkoxyaethyl and/or 
hydroxyMthyl groupa (referred to as the substituted amido 
ratio hereafter) and the aolar ratio of all the amide oniu 
to all the ur.lts of the copolyser is preferably within the 
5 range from abrut 0.1 to about 0.6. When the substituted 
amide ratio i' too high, the ratios of the unsubstituted 
amide units and the ester units become so low that the bond 
between the mecules is weA]cened and the resin loses its 
toughness for practical use. When the substituted amide 

10 ratio ifl too low, the solubility of the resin in an organic 
solvent such a lower alcohol declined and the resin / if 
dissolved, c** hardly be et:able in a bocogeneous state. 

For fir.: '-ig the ratio of substituted amide units to 
all the uni^^ the modified aliphatic ester-amide 

15 copolymer of clae present invention, for example, the 

modified alir etic ester^amide copolymer can be treated in 
an aqueous solution of an inorganic strong acid such ae 
hydrochloric Tcid for a long time to liberate axid remove 
alicozymethyl znd/or hydraxymethyl groups completely, 

20 thereby the r^^io being calc\ilated from the change in 

%ieighx; the mio can also be calculated from changes in 
ratios of carbon and oxygen to nitrogen using the elemental 
analysis; and ^he ratio can be calculated by the ^B- and 
l^C-HKR methci. 

25 Preferaf^ly, the degree of the substitution with 

alkoxymethyl rnd/or hydroxymetfayl groups in the modified 
aliphatic estsr-amide copolymer of the present invention is 
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such a degree is the peatc at^rlbtitiabld t:o crystalline amide 
groups on the -if ferentlaLL scanning caloriroetry (DSC) chart 
shifts to a Icvt-er texnperatxire than that of its basic 
unxDodlfied rcr^ln, i.e., the resdLn in which the suhstitution 
5 with aUtoxyocrhyl and/or hydroxynethyl groups is not 

executed, or disappears • Preferably the peak shifts to a 
temperature Icwer by lO^C or more than that of the 
unnodified recin. The higher tho substitution degree, the 
more the peaJc shifts and the broader the peaJc becomes, 

10 finally the p<:z)c disappearing. Substitution in such a 
degree as no c'langes are observed on DSC chart cannot 
improve the sr.\ ability in a solvent such as a lower alcohol 
adequately, zz that the effect of the present invention 
cannot be ofc-ttlned. 

15 The chanra of the peak attributable to the crystalline 

amide groups -rr. DSC chart can be observed by conparison not . 
only with DSC chart for the basic unmodified resin but also 
with that fcr the above described acid-treated resin 
obtained froc the modified aliphatic ester-amide copolymer 

20 by removing t:.:a alkozynethyl and/or hydrozymethyl groups 
therefrom. 

In the vroodified aliphatic ester-amide copolymer, the 
peak attribute cle to the crystalline amide groups on DSC 
chart is observed at almost the same temperature as that of 
25 the homopolyr-r of the amide uziits (for example, around 
215*C for pol" 6-caprolacteun) / while, for a random ester* 

amide copoly^-^r, the peak attributable to the amide units 
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cbaerved at a lower zempQraxxxzQ • Tho more the 
raadoniization , the broadar th« peak, so that the peak la 
not observed clearly, in a further rando!ni2ation, change 
of the peak of laodified copolymer may be observed in a 
5 decline In heat abaorption at higher teffperaturea of the 
broad peak in addition to a ahilt of the whole peak* 

The modified aliphatic eeter-amlde copolymer, as the 
changes on DSC chart at high tesperatures show (for 
example, see Figs, 2 to 4)r.c«n be molded at lower 

10 temperatures and its thermal molding is easy. 

The modified aliphatic ester-amide copolymer of the 
present invention may be block copolymer, graft copolymer 
or alternative copolymer « 

The copolymers of the present invention may include a 

15 structure resulted from a chain extender such as 

dlisocyanate and polybasic acid which is added in a small 
amount for the purpose of bonding polymers for further 
polymerls atlon * 

The weight-average molecular weight of the modified 

20 ^MjJMt^in. ester-^oaide copolymer is preferably from about 
1,000 to aboo-t 500,000. T&o aliphatic eater-amide 
copolyner, vith a voight-average aolacular weight of about 
1,000 or a*ore, exhibit good properties in reprecipitated 
polyaer and can be used for general purpose. The aliphatic 

25 estec-ari^de copolynwr, irith a weight-average molecular 

weight of about 500,000 or below, can be synthesized in a 
relatively short tiro and the reaction conditions such as 
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the degree oi vacuum can be eased, in rhese modified 
copolymers, aince the toughneca of the aliphatic amide 
groupa tends to decline as the degree of modification 
becomea higher / the weight-average molecular weight is more 
preferably from 5,000 to 200,000, specifically 15,000; ' 
20,000; 25,000; 30,000; 40,000; 50,000; 100,000; and 
150,000. 

The modified aliphatio ester-amide copolymer of the 
present invention may include a resin formed as a byproduct 
in the substitution of the hydrogen atoms of the amide 
groups with alkoxyroethyl and/or hydroxy methyl groups 
wherein the hydrogen atoms of the amide groups are 
substituted with a group represented by the following 
formula: 

-(CH2-0)n-R8 

, wherein Rq is the same as defined above and n is an 
integer from 2 to 10) and a resin which has a structure 
wherein 2 or more molecules are bonded by cross lin3ced 
aUcoxymethyl and /or hydrozymetbyl groups. 

The modified aliphatic ester-amide copolymer of the 
present invention can be prepared by modification of a pre- 
prodaced aliphatic ester-amide copolymer, that is, 
substitution of a part or all of the hydrogen atoms of the 
amide groups thereof with alkoxymethyl and/or hydroxymethyl 
groups • 

For preparing an aliphatic ester-amide copolymer, any 
of the conventionally known methods can be used, for 
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exaaple, a method comprising a ring-opening 
copolynserization of lactone and lactam with an alkali metal 
as a polymerization initiator (as described in Bur. Polym. 
J. vol.20. No. 6, PP329-536, PP539-547 and pp549-557 (1984) 
and Japanese Unexamined Patent Publication No.JP-06-A- 
200016); a method comprising a mixing of an aliphatic 
polyester and aliphatic polyaaide In a molten state and a 
subsequent copolymerizatlon using the eater-amide 
intarchinge reaction (as described in Japemese Examined 
Patent Publication Ho. JP-56-B-38H5 ) ; and a method 
coiiq>rising a polycondensation o£ amino carboxylic acid, 
dlcarboxylic acid and diamine with lactone (as described in 
Japanese Onexamined Patent Publication Mo. JP-05-A-156008> . 

For modification o£ the aliphatic ester-amide 
copolymer thus obtained, a similar method to the K- 
alkoxymethyl modification of polyamide can be Used. That 
is, the modification can be ezacnted by reacting an 
aliphatic ester-amide copolymer/ an alcohol such as 
methanol, etbanol and isopropanol, and an excess of 
formaldehyde at a high teaperature in the presence of an 
acid catalyst such as phosphoric acid; and by adding, a 
formaldehyde or paraformaldbyde solution in methanol to the 
aliphatic eater-amide copolymer solution in formic acid or 
the lUce to react them at room temperature (as described in 
U.S. Patent Ho. 2430680 and Japanese Examined Patent 
Publication No. JP-48-B-16997« 

in the former case, in addition to phosphoric acid, an 
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organic acid such as formic acid, an eetier or salt thereof 
can also be used as a catalyst (as described in Japanese 
Examined Patent Publication NO.JP-53-B-30692) • Also, water 
(about 10%) can be added to the alcohol and formaldehyde so 
that the resin can be hozaogeneously dispersed in the form 
of fla)ces or particles for enalbling a more effective 
washing of the resin. 

In the latter case, a mixture of formic acid and 
acetic acid can be used for the purpose of Inhibiting the 
molecular weight from declining in the reaction, in 
addition to formic acid (as described in Japanese Examined 
Patent Publication No. JP*43-B-10S36) . 

Purt:her, the present invention provides a composition 
comprising an caiphatic ester-amide copolymer an inorganic 
metal salt. 

The inorganic metal salt used in the present invention 
is preferably a halide, nitrate and thiocyanate of a metal 
selecting from the groups la^ lia, lb and lib of the 
periodic table. They may be OBOd singly or as a 
combination thereof. Bxasqples of the preferable metal axe 
lithium, sodium, potassium, magnesium, calcium, strontium 
and zinc. 

Bzasiples of the inorganic metal salt are lithium 
chloride, calcium chloride, magnesium chloride, zinc 
chloride^ lithium bromide, calcium bromide, magnesium 
bromide, zinc bromide, calcium nitrate, magnesium nitrate, 
zinc nitrate or lithium thiocyanate. 
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Th« aliphatic ester-amida copolymer of the present 
invention includes both ester and amide units on a 
polymeric main chain and characteristically the molecules 
thereof unite positively to each other by the 
intennolecular force between both units, it is considered 
that, in the aliphatic ester-Miide copolymer^ the polymeric 
main chain is dissolved in the above mentioned solvent of 
the inorganic salt in the cncganic solvent due to the 
intennolecular force between the amide units loosened by 
the. solvent. 

When the force between the ester units is strong, the 
eater units on the polymeric main chain can hardly be 
separated at room temperature so that sometimes the 
composition of the copolymer dLs not homogeneously dispersed 
or gels. Howaver, the intermolecular force between the 
ester units can be more easily weakened than that between 
the amide units with heating and the solution state can bo 
Jcept. 

Other group of the aliphatic eater-amide copolymers 
may include any resins wherein ester and amide are 
copolymerized. considering the polimerizability, material - 
costs and the liJce, the copolyxaer is preferably a resin 
wherein an ester unit represented by the following formulae 
(1) and/or (2) i 

-0-Rl-CO- (1) 

f wherein Ri represents .the same as defined above, 
•0-R2-OCO-R3-CO- (2) 
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, wherein R2 and R3 rapraaent the saros as defined 
above, and on amide unit represented by the following 
formulae (3) and/or 

-NH-R4-CO- (3) 
5 f wherein R4 represents the sane as defined eOx^va, 

-NH-R5-NHCO-R6-CO- • : (4) 

, wherein R5 and R6 represent the same as defined 
above; are copolyroerized. The conventional, block, graft 
or alternative copolyaerixatioa may be used* The aliphatic 

10 ester-amide copolymer of the present invention may contain 
a structure resulted from a chain extender such as 
diisocyanatc, a polybasic acid and the like which is added 
in a small amount for the purpose of bonding polymers for 
further polymerization. 

1 5 Examples of the above Ri , R2 , R3 / R4 r R5 and R6 are 

the same as already defined above. 

The weight -average inolecular weight of the aliphatio 
ester-amide copolymer is preferably within the range from 
about 1,000 to about 500,000. The copolymer, with a 

20 weight-averago inolecular weight of about 1,000 or more, 
have good properties in reprecipitated polymer end can be 
used for general purpose. The copolymer, with a weight- 
average molecular weight of about 500,000 or below, can be 
synthesized in a relatively short time and the reaction 

25 conditions such as the degree of vacuum can be eased, 
since the composition of the aliphatic eater-amide 
copolytaer contains the inorganic metal salt, the toughness 
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of the rQsin tends to decline depending on the content 
tharecf. For compenaiting the decline, the weighr-average 
molecular weight: is mora preferably from about 5^000 to 
about 200,000, epecifically 15,000; 20,000; 25,000; 30,000; 
5 40,000; 50,000; 100,000; and 150,000- 

The present invention alao provides a solution of the 
aliphatic ester-amide copolyn»x in the above-described 
organic solvent which doea not harm the human body. The 
resin solution can be used as an adhesive as it is. 

10 The mixing ratio of the organic solvent, inorganic 

metal salt and the aliphatic eeter-amido copolymer in the 
solution of the present invention is preferably from about 
1 to about 4 0 parts by weight, more preferably from about 1 
zo about 30 pax^s by weight oi the inorganic metal salt, 

15 and about 1 to about 40 parte by weight, mora preferably 
from about 1 to about 30 parts by weight of the copolymer 
to 100 parts by woight of the organic solvent. When the 
mixing ratios for the inorganic metal salt amd the 
copolymer are smaller than the above range, less copolymer 

20 reprecipitates . when they ar© larger than the above range, 
the inorganic metal salt and /or copolymer are lUcely to 
separate so that it is hard to obtain a hooogeneoiis 
solution or mixture. 

In addition to the organic solvent, the inorganic 

25 matal salt amd the aliphatic ester-amide copolymer, the 
solution of the copolymer of the invention may contain a 
surfactant, antioxidant, plasticizer or the like for 
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increasing tha stability of tha solution or improving the 
raprecipitated resin. Also it may contain a dya, a pigment 
or the li)cB tor dyaing tha repracipitated resin. 

water of crystallization contained in the inorganic 

5 n»tal salt can be remained in the mijctura, but its content 
should be controlled within such a range that the resin 
does not separate in accordance with usage. The 
dissolution is preferably conducted with heating. Heating 
can accelerate the dissolution of the aliphatic ester-aadda 

10 copolymer. The heating temperature preferably does not 
axceed the boiling point of the organic solvent because a 
pressure container or the liXe in not required for heating. 

By removing the organic solvent from the above 
solution of tha aliphatic ester-amide copolymer, an 

15 aliphatic ester-amide copolymer tha configuration of which 
is changed,, or a composition thereof can be easily 
obtained. 

For such reprecipitation of the aliphatic aster-amide 
copolymar from tha rasin mixtrora in the form of solution, 

20 the organic solvent and/or inorganic metal salt can bo 

removed from the mixture, specifically, the resin mixture 
can ba made into a certain configuration by applying, 
dipping, pouring or the like and then reprecipitated in 
another configuration by an easy step such as drying, 

25 water-cleaning and the like. 

A8 described in tha later Test Bxamples, tha aliphatic 
ester-amide copolymer composition can be made into, for 
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example^ a film, porous film, a molded material, a porous 
molded material, particles and porous particles by changing 
its con£ig\iration with removing the organic solvent. Such 
a composition can be used for. coating of granular 
5 fertilizer and coating of granular fertilizer with a porous 
film. Such a fertilizer has an excellent slow-effect^ and, 
when used with the biodegradable aliphatic ester-*amide 
copolymer composition, it has a remar)cAble industrial 
advantage since it is biodegradable in soil after used. 

10 Therefore, according to the invention wherein the 

organic solvent which not toxic or harmful to the 
environment can be used, the biodegradable resin can be 
easily used for application or coating, which is 
conventionally difficult. Further the slow-effective 

15 fertilizer using the aliphatic ester-amide copolymer of the 
invention without an inorganio metal salt can act as an 
effective fertilizer for a plant which is easily affected 
by a salt. 

The weight-average molecular weight was laeasured by 
20 means of GPC apparatus manufacture by Tosoh Corporation, 
Japan (Model HLC-8020) provided with GPC column 
manufactured by the same (Article »o. TSKgel GMHHR-M) with 
the column temperature at 40*C under a pressure of 50)cg/cm2 
with a flow of a solution of trif luoroacetic acid at a 
25 concentration of lOmMol/1 in hexafluoroisopropanol (HPIP) 
manufactured by Central Glass Co., Ltd., Japan at a flow 
rate of 0.5ml/min as an eluting solution. A standard 
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sample for gpc ot polymathylaothAcrylatc manufactured by 
Shova Donko K.K., Japan vas used. The ratio o£ amide units 
in the copolymer waa measured with pt-ir apparatus 
manufactured by Hicolot, 
5 The present invention vill hereinafter be described in 

detail by way of embodimentj thereof, wherein S- 

caprolactam manufactured by Mitsubishi Chemical 
Corporation, Japan was used for E-caprolactam and *FLACCKL 
M* manufactured by Daicel Chemical Industries, Japan was 
10 used for €-caprolactone; the soil used was collected at 

the plant site located in Tenri-city/ Nara, Japan and 
sieved with a 1.7mm screeni and part or parts means part or 
peurts by weight unless specifically indicated. These 
embodiments are not intended to limit the present 
1 5 invention . 

tBST KZAMPZ^ 1 

€--Caprolactaa (16*99) was fed in a separable gl2iss 
flask axul dried with heating to 130*c for 90 minutes, 
20 followed by addition of 70ag of lodiua. The .tenperature of 
the mixture vas raised to 170*C« After addition of 17 .Ig 
of €-caprolatone in 20 minutes, the mixture vas allowed to 

react with stirring for 60 minutes. Unreacted materials 
were removed under a reduced pressure of lOmmRg or below at 
25 180*C for 60 minutes. An aliphatic ester-amide copolymer 
with an amide unit ratio of 50 mol t and a weight-average 
molecular weight of 8,900 was obtained. 

The above copolymer (5 parts) was addcKl to 100 parts 
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of nttthanol and stirred for 6 hours vhilo maintained at 
30*C, thereby obtaining a translucent resin mixture wherein 
the reain ccinponenta were hoaogenaously dissolved. The 
mixture, heated to 60*C, became a transparent resin 
5 solution. 

A sheet of copper was dipped in the above resin 
solution and then dried, k translucent resin coating was 
fo raft d on the surface of the copper sheet. The coated 
copper sheet was allowed to stand for a week. Nothing 

10 unusual, such as corrosion was observed on the surface of 
the copper sheet. 

A sheet of glass similarly coated with the resin was 
buried at a depth of lOasa from the surface in a laboratory 
dish filled with the soil. The dish was allowed to stand 

15 in an incubator at 30*C with the water content in the soil 
maintained at 50% to the majcimuin amount of water that the 
soil could contain. One month later, most of the coating 
had disappeared and black fungus were seen attaching to the 
surface of the remained film. Bxamination of the surface 

20 with a scanning electron microscope showed that the resin 
around oxycelia of the fungus had disappeared « 

TSST eXAHPLB 2 

E-Caprolactam (16.9g) was fed in a separable glass 
25 flask and dried with heating to 130"C for 90 minutes, 

followed by addition of liOmg of sodium* The temperature 
of the mixture was raised to 170*C, To the mixture, 17. Ig 
of E*Caprolatone was once added and the mixture was allowed 
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to react with stirring for 60 minutes. Unreacted materials 
were removvd under a reduced pressure of lOmmHg or below at 
180*C for 60, minutes. An allphatio ester-amide copolymer 
with an amide unit ratio of 45 mol% and an weight-average 
5 molecular weight of 4,500 was obtained. 

The above copolymer (5 parts) was added to 100 parts 
of methanol and stirred for 6 hours wh±le maintained a^ 
30*C, thereby obtaining a 'transparent resin mijrture wherein 
the resin conqponents were homogenecuffly dispersed « The 
10 mixture; heated to 60*C/ becama a transparent resin 
solution. 

A sheet of copper was dipped in the above resin 
mixture and then dried. An almost transparent resin 
coating film was formed on the stirface of the copper sheet. 

15 The coated copper sheet was allowed to stand for a week* 
Nothing unusual such as corrosion was observed on the 
surf2u:e of the copper sheet. 

A sheet of glass coa^d similarly with the resin was 
buried at a depth of 10mm from the surface in a laborat:ory 

20 dish filled with the soil. The dish was allowed in the 
incubator at 30*C with the water content in the soil 
maintained at 50% to the maximom amount of water that the 
soil could contain. One mouth later, most of the coating 
had disappeared and black fungus wore seen attaching to the 

25 surface of the remained coating. Examination of the 

surface by the scanning electron microscope showed tha^ the 
resin around mycelia of the fungus had disappeared. 
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From t:he above tvo axas&plea, it was confirmed that: the 
aliphatd.c ester-amide copolymer with a weight-average 
molecular weight froa about 1^000 to about 10,000 wna 
soluble in an organic solvent which was not harmful to the 
5 human body without using any inorganic metal salt. It was 
also confirmed that the aliphatic ester-amide copolymer 
having aliphatic amide units at a ratio from about 10 to 
about 80 mol% exhibited biodegradability in soil. 

10 TEST EXAKPZJS 3 

€-Caprolactam (40 parts) was fed in a polymerizer and 

dried at 130^C with a flow of .nitrogen for 90 minutes, 
followed by addition of 0.08 parts of sodium. The 
temperature of the mixtiire' was railsed to 170*C with 
15 stirring/ After addition of 60 parts of G-caprolatone, 

the mixture was copolymerixed with further stirring for 60 
minutas. Then the volatile substances such as unreacted 
monomers in the polymerixer were removed under reduced 
pressure # thereby obtaining an aliphatic ester-amide 

20 copolymer. The obtained copolymer was opaque and white, 
having an amide unit ratio of 30 moll and a weight-average 
molecular weight of 14,000. The copolymer (30g) was 
dissolved in 30g of formic acid to form a solution. 
Paraformaldehyde (5g)/ methanol (5g) and sodium 

25 hydroxide (40mg) were mizad toi f orm a solution, which was 
mixed with the above copolymer solution in formic acid with 
heating to 60*c. After 10 minutes, 7g of methanol was 
added to the obtained solution, which was allowed to react 
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with stirring for anothar 30 minut«s» 

The obtained resin solution is poured into a mixed 
solvent; of wter and acetone at a mixing ratio of 1 s 1 to 
precipitate a part of the resJLn* Then on adjusting the 
5 solution to pfi9 vith anmonia vater, a large amount of 

viscous resi'i precipitated. After continuous stirring for 
3 hours, the precipitated resin was washed with water to 
complete the solidification, and then it was ground, 
filtered and dried. The obtained N«*methoxyinethyl -modified 

10 copolyaer was light«brownish flaky resin which was soluble 
in methanol auid ethanol. 

The ratio of aliphatic amide units substituted with H- 
methoxymethyl to the whole units on the main chain was 
measured by mixing the obtained modified copolymer with 5% 

15 aqueous solution of hydrochloric acid and liberating 

methoxymethyl groups of the resin. The ratio was 0.25. 

DSC charts for the resin was obtained before and after 
the modification by means of DSC-200 type DSC apparatus 
manufactured by Seiko Blectronica with a flow of nitrogen 

20 with heating at a rate of 10%/min. The results are shown 
in Pigs. 1 and 2. The peak attributable to the amide 
structure observed around 214*C in Fig. 1 turned into a 
broad peak around 150*c and was hardly seen in Fig. 2. The 
%raight-average molecular weight after the modification, 

25 13,000, was almost the same as before the modification. 

The above modified copolymer (30 parts) was added to 
100 parts of ethanol and stirred with heating to about 
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50*C- A translucent viscous solution was obtained. The 
obtained resin solution v&s uniformly spread on a flat 
glass sheet and gradually dried at room temperature-. A 
flexible translucent film was formed. 

The obtained film (being, about O.limn in thickness) 
was buried at a depth of lOzma from the surface in a 
laboratory dish filled with the soil. The dish was allowed 
to stand in the incubator at 3p*C with the water content in 
the soil maintained at 501 to the maximum amount of water 
that the soil could contain. One month later, the film 
collapsed and a part of the film bad disappeared. Black 
fungus were also seen attaching to the surface of the 
remained resin and exaunination of the surface with the 
scanning electron microscope showed that mycelia of the 
fungus and the resin theraaround had disappeared. 

TBST 2ZAMPXJS 4 

€-*Caprolactam (60 parte) was fed in a polymeriaer and 

dried at 130*C with a flow of nitrogen for 90 minutes, 
20 followed by addition of 0*08 parts of sodium. The 

temperature was raised to 200^ with stirring. After 
addition of 40 parts of 6-caprolatone, the mixture weis 

copolymerized with further stirring for 30 minutes. Then 
the volatile substances such as unreacted monomers in the 
25 polymeri2er were removed under reduced pressure, thereby 
obtaining an aliphatic ester^amide copolymer. The obtained 
copolymer was pale-yellowish and translucent, having a 
amide unit ratio of 60 moll and a weight -average molecular 
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weight of 13,000. The copolymer (20g) was dissolved in a 
mixture of formic acid (20g) and acetic acid (lOg) to form 
a solution. 

The above copolymer solution in formic and acetic 
acids vas nixed with heatiag to 60'C to a solution of 
paraformaldehyde (lOg), methanol (lOg) and sodium hydroxide 
(80mg). After 10 minutes, about lOg of methanol was added 
to the obtained solution, which was allowed to react with 
stirring for another 30 ffllnutes. 

The obtained resin solution was poured into a mixed 
solvent of water and acetone (1 t 1) to precipitate a part 
of tHe resin. Then on adjusting the solution to about pE8 
with amnonia water, a large amount of resin precipitated. 
The precipitated resin was dispersed in the fom of 
fragments. After continuous stirring for 6 hours, the 
resin solidified in the fom of fragments. Then the 
solidified resin was separated, and dried. The obtained »- 
methoxymathyl-modlfied copolynsr was light-brownish 
particle reain which was soluble In methanol and ethanol. 

The ratio of aliphatic amide units substituted with H- 
methoxymethyl to the whole units on the main chain is 
measured by mixing the obtained modified copolymer with 5% 
aqueous solution of hydrochloric acid and liberating 
mothoxynetbyl groups of the resin. The ratio was 0.42. 

DSC charts for the rosin was obtained before and after 
the modification in the manner as described in Test Example 
3. The results are shown In Figs. 3 and 4. The sharp peak 
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attributable to the axaide structure observed around 208*C 
in Pig. 3 turned into a broad vague peak between 140 and 
180'c in Pig. 4. The weight-average molecular weight after 
the modification, 13,000, was almost the same as before the 
modif ijcation • 

The above modified copolymer (30 parts) was added to 
100 parts of ethanol and stirred with heating to about 
50*C, thereby obtaining a translucent pale-yellowish 
viscous solution. The solution was uniformly spread on a 
flat glass sheet and gradually dried at room temperature. 
A flexible translucent film was formed. 

The obtained film (being about O.lmm in thic)cness) was 
buried at a depth of lOmm from the surface in a laboratory 
dish filled with the soil. The dish was allowed to stand in 
the incubator at 30*C with the water content in the soil 
maintained at 50% to the TMylTmim amount of water that the 
soil could contain. One month later, a part of the film 
collapsed and black fungus were seen attaching to the 
surface of the resin. Bxamiaatlon of the surface with the 
scanning electron microscope showed that mycelia of the 
fungus and the resin therearound were destroyed and a part 
of the film had disappeared. 

Z887 SZAKPZ^ S . 

e-Caprolactam (75 parts) was fed in a polymerizer and 
dried at 130*C with a flow of nitrogen for 90 minutes^ 
followed by addition of 0.06 parts of sodium. The 
temperature was raised to 230*C with stirring. After 
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addl'tlon ot 75 parts ot &-caprblatODOf the aixtura was 
copplyaarlxed with further siilrrlnq for 40 aiiautaa. Then 
tte wlatJJ.a subsuncaa such, as mireacced aonomara La cHa 

. ... /i: 

polyottrlaar vera removed uxider radacod proacure, thexcby 
obtaining an aliphatic ester -amido copoly»er. The obtained 
copolyner waa pale-yelloviah and opaqae, having an amida 
unit ratio ot 85 do1% and a, veigbt-average molecalar veight 
ot 21,000* The copolyoar. (15g).waa dissolved in 20g of 
formic acid to font a solution. 

The above copolyner iolticion in f onalc acid waa nixed 
with heating to 60*c with a soiotion of paraformaldehyde 
<l^lf, n^ti^iAnol (15g) and aodiva hydroxide (80ag), After 
10 aijuitee, about lOg of aethubl was added to the obtained 
mixture, which was allowed to react with stirring for 
another 30 Ainutee. 

The obtained copolymer eolutioa wu poured into a 
Aized solvent of watsr and acetone (1 i 1) to precipitate a 
part of the resin. Then on adjusting of the solution to 
about pH8 with aanonia water, a large amount of resin 
precipitated in the form of frs^uts. After continuous 
stirring for 6 hours, the precipitated resin was was had 
with water « and then it was ground^ filtered and dried. 
The obtained H-methoxymethylHiodified copolymer was a 
brownish flaky resin which was soluble in methanol and 
ethanbl. The weight-average molecular weight after the 
modification was 32,000. 

The ratio of aliphatic amide units substituted with tr* 
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motboxymethyl ro the whola uxilta on the main chain was 
meas^^ired by mixing the obtained aodlfled copolymer with 5% 
aqueous solution ot hydrochloric acid and liberating 
methoxymethyl groups of the resdLn. The ratio was 0.43. 
5 The above znodlfled copolymer (30 paurts) was added to 

100 parts of ethanol and stirred with heating to about 
50*C. A translucent pale^yellowish viscous solution was 
obtained* The solution was uniformly spread on a flat 
glass sheet and gradually dried at room temperature. A 

10 flexible translucent film was formed. 

The obtaLlned film (being about O.Imm In thlclcness) wais 
buried at a depth of lOmm from the surface In a laboratory 
dish filled with the soil* The dish was allowed to stand in 
the incubator at 30*C with the water content in the soil 

15 maintained at 50% to the maximum amount of water that the 
soil oould contain. One month later r little damage was 
seen with the film. Although a few black fungus were seen 
attachJLng to the surface of the resin ^ exaolnation of the 
surface with the scanning electron microscope showed no 

20 destruction or disappearance of the resin around sycelia of 
the fungus • 

Prom the above examples/ it was confirmed that the 
modified aliphatic ester-amide copolymers obtained by 
25 substituting a part or all of the hydrogen atc^ of the 

aliphatic amide groups of the copolymer with hydroxymethyl 
and/or alkoxymethyl groups were soluble in an organic 
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solvent vhich was not harmful to tho human body without 
using any Inorganic metal salt. Also it was observed that 
th« aliphatic dstdr-amidd copclymors having aliphatic aoido 
units at a ratio from about 10 to about 80 mol% exhibited 
5 biodegradability in soil* 

TBST BXAMPI^ 6 

Calcium chloride anhydride (20 parts) was completely 
dissolved in 100 parts of mthanol with mixing and stirring 
10 to form a transparent solvant*: Added to the solvent were 
20 parts of an ester-amide copolymer (the weight-average 
molecular weight being 15,000 and the ratio of amide units 
being 25 mol%) obtained by ring-opening copolymerization of 
€-caprolactam and €-caprolactone. By stirring with 

15 heating to 60*C for 1 hotirr the resin components %rere 

homogeneously dispersed and a transparent resin solution 
was obtained* The solution, allowed to stand at room 
temperature, became homogeneous iiriiite paste. 

The resin paste was heated to 60'C, applied on a flat 

20 glaaa sheet and dried* A white resin film was formed. The 
film, together with the glass sheet, was dipped in water 
for removing the inorganic metal salt and dried. A white 
resin film in adhesion to tho glass surface was obtained. 

The above glass sheet poatad with the resin was buried 

25 at a depth of lOnm from the. surface in a laboratory dish 

filled with the soil. The dish was allowed to stand in the 
incxibator at 30*C with the water content in the soil 
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malntainad at about 50%. One month later, black fungua 
wer« sMn attaching to the sxirface of the resin and a part 
of the film had diaappeared. Examination of the surface 
with the scanning electron microscope showed that resin 
5 around nrycelia of the fungus had disappeared. 

SBST BXAUPZ.B 7 

A ailJcy resin mixture with the resin components 
homogeneously dispersed therein was obtained as described 
0 in Tes-t Bxample 6 except that ^e stirring was executed for 
6 hours at room temperature Instead of heating to 60»c. 
The obtained resin raixture, vhen heated to 60*c, became an 
almost transparent resin solution* 

5 TSSS BZAMPUB 8 

Lithium bromide <10 parts) was completely dissolved iji 
100 parts of methanol with mixing and stirring to form a 
transparent solvent. To the solvent, 10 parts of the 
allpbatla ester-amide copolymer as described in Test 
BxBiq>le 6 were added. By 8t4rrlng at room temperature for 
« hours, a milky resin mixture with the resin components 
homogeneously dispersed therein was obtained. The resin 
mixture, when heated to 60*C, become an almost transparent 
resin solution, and, when allowed to stand at room 
tea^erature, a part of the resin precipitated at the bottom 
of the container. The mixture was heated to 60*0, applied 
on a flat glass sheet and dried, a white resin film was 
formed. 
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XSST B»VMP£i£ 9 

Zinc bromide (10 parts) was con^letaly dissolved in 
100 parts of mflthanol with mixing and stirring to form a 
transparent solvent. To th« solvent, 10 parts of the 
aliphatic ester-amide copolyaor as described in Test 
Example 6 were added* By stirring at rooir. temperature for 
6 hours ^ a milky resin mixture iiith the resin componentis 
homogeneously dispersed therein was obtained. The resin 
mixture, when heated to 60*C/ tecama an almost transparent 
resin solution and, when allowed to stand at room 
temperature, a part of the resin precipitated at the bottom 
of the container. The mixture was heated to 60*C, applied 
on a flat glass sheet and dried. A white resin film was 
formed* 

TEST BZXMPL8 10 

Calcium nitrate tetrahydrate (10 parts) was completely 
dissolved in 100 parts of metiianol with mixing and stirring 
to form a transparent solvent. To the solvent, 10 parts of 
the aliphatic ester-amide copolymer as described in Test 
Example 6 were added. By stirring at room temperature for 
6 hours / a milky resin mixture with the resin components 
homogeneously dispersed therein wm obtained. The mixture, 
when heated to 60*c, became an almost transparent resin 
solution and/ when allowed to stand at room temperature, a 
part of the resin precipitated, at the bottom of the 
container. The mixture was heated to 60*C, applied on a 
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flat glass sheet and dri«d» A vhita resin filin was formed. 
The film, together with the glass sheet, was dipped in 
water for removing the jjiorganic metal salt and dried. A 
white resin film excellent in adhesion to the glass surface 
was obtained. 

TEST KZAKPLS II 

Calcium chloride anhydride (IC parts) was completely 
dissolved in 100 parts of otJxanol with mijcing and stirring 
to form a transparent solvent.. To the solvent, 5 parts of 
the aliphatic ester-amide copolymer as described in Teat 
Bxamplo 6 were added. By stirring at room ten^rature for 
3 hours ^ a transparent resin mixture with the resin 
con^xsnenta homogeneously dJLspersed therein was obtained. 
The mixture was applied on a flat glMS sheet and dried, a 
white resin film was formed. The film, together with the 
glass sheet, was dipped in water for washing the inorganic 
natal salt and dried. A white resin film excellent in 
adhesion to the glass surface was obtained. 

TEST aZAKPI^S 12 

Lithium chloride (10 parts) was completely dissolved 
in 100 parts of ethanol with mixing and stirring to form a 
transparent solvent. To the solvent, 10 parts of the 
aliphatic ester-amide copolymer as described in Test 
Example 6 were added. By stirring at room temperature for 
6 hours, a milJcy resin mixture with the resin components 
homogeneously dispersed therein was obtained. The mixture, 
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when heated to 60^c, becaoe an almost transparent reain 
solution and, when allo%ied to stand at room temperature, a 
part ot the resin precipitated in gel . The mixture, 
heated to 60*C, waa applied on a flat glass sheet and 
dried. A white resin filtt^vaa formed. 

TEST BXAMPLB 13 

Calcitm chloride (10 parts) was completely dissolved 
in 100 parts of 2-ethoxyethanol with mixing and stirring to 
form a tramsparent solvent. To the solvent, 10 parts of 
the aliphatic ester-amide copolymer as described in Test 
gx a mp le 6 were added. By stirring at room temperature for 
6 hoars, a milky resin mixture with' the resin components 
homogeneously dispersed therein was obtained. The mixture, 
when heated to 60*C, became an almost transparent resin 
solution and, when allowed to stand at room temperature, no 
precipitation of the resin was observed. The mixture, 
heated to 60*c, was applied on a flat glass sheet and 
dried. A white resin film was formed. 

TSST SZAMPU 14 

^ Zinc chloride (5 parts) was conplotely dissolved in 
100 parts of 2-methoxyethanol with mixing and stirring to 
form a tramsparent solvent. To the solvent, 5 parts of the 
e^^iphatlc eater-amide copolymer as described in Test 
Bxan^le 6 were added. By stirring at room temperature for 
6 hours, a milky resin mdLxture with the resin components 
homogeneously dispersed therein was obtained. The mixture. 
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when heated to 60*C , beceune an almost transparent resin 
solution and, when the mixture was allowed to stand at room 
temperature, no precipitation of the resin was observed. 
The mixture, heated to 60*C, was applied on a flat glass 
sheet and dried. A white resin film was formed. 

TEST EXAMPLE 15 

Calcium chloride (10 parts) was completely dissolved 
in 100 parts of anhydrous acetic acid with mixing and 
stirring to form a transparent solvent • To the solvent, 10 
parts of the aliphatic ester-amide copolymer as described 
in Test Example 6 were added. By stirring at room 
tea^rature for 6 hours, a transparent resin mixture with 
the resin components homogeneously dissolved therein was 
obtained, when the mixture was allowed to stand at room 
temperature, no precipitation of the resin was observed. 
The mixture was applied on a flat glass sheet and dried. A 
white resin film was formed* 

T8ST BXAKPLB 1« 

Calcium chloride (10 parts) was con^letely dissolved 
in 100 parts of methanol with mixing and stirring to form a 
transparent solvent. Added to the solvent were 10 parts of 
an aliphatic ester-amide copolymer (the weight-average 
molecular weight being 12,000 and the ratio of amide units 
being about 20 mol%) obtained by ring-opening 
copolymerization of €*caprolactone and a-pyrrolidone. By 
stirring for 4 hours with maintaining 30*C, a milk-white 
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resin mixture with the reain componentfl homogeneously 
dispersed therein was obtained. When the mixture was 
heated to 60**Cr it becazoe an almost transparent resin 
solution. The mixture was applied on a flat glass sheet 
5 and dried* A white resin film was formed. 

COMPJUtASIVE CXAMPXJ5 1 

Polycaprolactone (1' part) ("PLACCBL H7- manufactured 
by Daicel Chemical Industries/. Japan) # which is an 

10 aliphatic polyester with a weight-average moleculau: weight 
of 40,000^ was added to 100 parts of the solvent prepared 
as described in Test Example 6. In spite o£ stirring for 6 
hours with maintaining 30*C^ homogeneous dispersion of the 
resin components was not achieved, and when £U.lowed to 

15 stand, most of the resin components precipitated. When the 
mixture was heated to 60*C, the resin melted but was not 
dissolved or dispersed in the solvent. 

Prom the above, it was confirmed that the aliphatic 
ester-amide copolymers containing the inorganic metal salts 

20 could be dissolved or dispersed in the organic solvents 
which wore not harmful co the human body. It was also 
confirmed that the aliphatic ester-*amide copolymers having 
aliphatic amide units at a ratio from about 10 to 2UX)Ut 80 
molt exhibited biodegradability in soil. 

25 Further coc^sitions of the aliphatic ester-amide 

copolymers will be described in detail with reference to 
test exaii^les, wherein the configurations of the copolymers 
are chemged by using the aliphatic ester-amide copolymer 
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mixtures wherein the reaina are dissolved in organic 
solvents which are not harmlul to the human body and 
removing the inorganic solvents tzota the resin mixtures. 

TEST BXAMP1.E 17 

e-Caprolactone and S-caprolactam were polymerized by 
ring-opening with inetallio sodium as an initiator to 
prepare an aliphatic ester-amide copolymer with an amide 
unit ratio ol 25% and a weight*averaae molecular weight o£ 
25,000. 

The obtained copolymer (25 parts) and calcium chloride 
(25 parts) were added to 100 parts of methanol, and 
dissolved with heating to about 60^C with stirring to form 
a solution. The solution was dried at room temperature to 
evaporate the methanol, thereby a composition of the 
aliphatic ester-amide copolymer being obtained. 

The obtained aliphatic ester-amide copolymer (Ig) vaa 
added to. lOg of an organic solvent of methanol and ethanol 
at a weight ratio of 50 i 50, and was dissolved with 
stirring to obtain a solution 

The obtained solution wais applied on a flat glaiss 
sheet and, by evaporating the above organic solvent under a 
circumstance of low humidity (the relative humidity being 
about 30%), formed was a film with a thic)aiess of ©•21mm 
consisting of the aliphatic ester-amide copolymer. The 
obtained film was cut into a saxtple of 4 x 5cm. The sample 
weighed 458mg. The sample was allowed to stand in the 
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laboratory (at a temperature of about 23*C at a humidity 
Irom about 60 to about 80%) for a w«ek. The weight thereof 
increased to 688mg, which proved good nvoisture-abaorption 
characteristics of the film, . 

Also the obtained film was buried at a depth of lOmm 
from the soil surface in a container filled with the soil^ 
and was allowed to stand in the incubator at 30«c with the 
water content in the soil maintained at about 50%. one 
month later^ black fungus wore seen attaching to the 
surface of the resin and a part of the film had 
disappeared. Examination of the surface with the scanning 
electron microscope showed that the resin around mycelia of 
the fungus had disappeared. 

TEST BZAMPZ.e 18 

e-Caprolactone and E-caprolactam were polymerized by 
ring-opening with metallic sodium as an initiator to 
prepare an aliphatic ester-aaido copolymer with an amide 
unit ratio of 25% and a weight-average molecular weight of 
25,000. 

The obtained copolynisr (50 parts) and calcium chloride 
(50 parts) were kneaded at about lOO^C by means of a 
heating Jcneader (Labo Plastomil) to obtain a composition of 
the aliphatic ester-aaide copolymer. 

THe obtained composition of the aliphatic ester-amide 
copolymer (lOg) was added to. lOOg of methanol and dissolved 
with stirring to obtain a solution. 

The obtained solution was poured into a circular 
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container with a crosa-3hap«d convex at the bottom. By 
evaporating the above organic solvent/ a coaster with a 
thickness of 3.1inm made of the. composition of the atliphatic 
ester *-amide copolymer was formed. 
5 The coaster, as in Test Kxample 17, was buried at a 

depth of 10mm from the soil surface, and was allowed to 
stand: in the incubator at about 30*c with the water content 
in the soil maintained at about 50%. One month later, 
blacJc fungus were seen attaching to the surface of the 
10 resin and a part of the resin had disappeared. Examination 
of the surface with the scanning electron microscope showed 
that the resin around mycelia of the fungus had 
disappeared* 

15 

TEST BXAKPX*& 19 

€«^aprolactone and 6<-caprolaotam were polymerized by 
ring-opening with metallic sodium as an initiator to obtain 
an aliphatic ester-amide copolymer with an amide unit ratio 
20 of 25 mol% and a weight*average molecular weight of 25,000* 
The resin was tr ems lucent and pale-yellow. 

The obtained aliphatic ester-amide copolymer (25 
parts) was completely dissolved in a solution of calcium 
chloride < 25 parts) in methanol (100 parts) by stirring 
25 with heating to 60"C» -The obtained resin mixture was 
viscous liquid with a little turbidity. 

The resin mixture (4.4g) was poured into a laboratory 
dish (with an inner diameter of 9Cmm) with a flat bottom. 
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By gradual evaporation o£ tho alcohol at room temperature/ 
a film was fonaed. The obtained film was tremslucent and/ 
when the film was allowed to atand in the room, globules 
due to dellquenaccnco of calcium chloride were observed on 
the surface of the film. Deioni^ed water was poured In the 
dlsh^ irtiich was then edlowed.to stand for an hoar. The 
film became cloudy and easy to peel off the dish. The film 
peeled off the dish was again dipped in deionized water for 
3 hours and dried, a sample with an average thicJcness of 
100;mi cut out from the film had a bulk density of 
0,46g/cm3. since the specific gravity of the aliphatic 
ester-amide copolymer was 1»14^ the.volnme ratio was 2#47» 

Bxamlnation of the film with the scanning electron 
xaicroscope showed that the film was homogeneously porous 
with a lot of micropores (with diameters from about 1 to 
about lOfm) observed on the surface and in the inside. 
Photographs of the film surface with the scanning electron 
microscope are shown la y±gs. 5 (at a magnification of 350 
X) and 6 (at a magnification of 7,500 X). 

TKST SXAMPUS 30 

e-^aprolactone and e-caprolactam were polyTjeriaed by 
ring-opening with metallic sodium as an initiator to obtain 
an aliphatic ester-amide copolymer with an amide unit ratio 
of 30 mol% and a weight-average molecular wslght of 14/000. 

The obtained aliphatio ester-amide copolymer (25 
parts) was completely dissolved in a solution of calcium 
chloride (25 parts) In methanol (100 parts) by stirring 
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20 



with heating to 60«C. The obtained reain mixture was mUJcy 
viscous liquid at 60-c, and lost its fluidity and 
aolidilied when allowed to stand at room temperature. 

The resin mixture {4.4g), homogenijed by heating to 
60*c, was poured into a laboratory dish (with an inner 
diaaeter of 90mm) with a Gat bottom. By gradual 
evaporation of the alcohol with heating to a film was 

fotaed. Few craoJw appeared during the formation of the 
£ila, which was homogeneoua . . When the film was allowed to 
stand in the room, globule, due to deliquescence of calcium 
chloride were observed on the surface of the film. 
Deioniaed water was poured in." the dish, which was allow^i 
to stand for an hour. The film was easily peeled off the 
dish. The film peeled off the dish was again dipped in 
deioniaed water for 3 hours and dried. A sample with an 
average thickness of 370pn cut out from the film had a bulk 
danalty of 0.49g/cm3. since the specific gravity of the 
aliphatic eater-amide copolymer was 1.14, the volume ratio 
was 2.33. 



TEST BZAMPLB 21 

€-Caprolactone and €-caprolactam wore polymerized by 
ring-opening with metallic sodium as an initiator to obtain 
an aliphatic ester-aaide copolymer with an amide unit ratio 
25 of 30 molt and a weight-averagis molecular weight of 14,000. 
The obtained aliphatic ester-amide copolymer (25 
parts) was homogeneously dissolved in a solution of calcium 
chloride (25 parts) in methanol (100 parts) by stirring 
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with haating to 60*C« The obtained resin mixture was miUcy 
viscous liquid at 60*C, and lost its fluidity and 
solidified when allowed to stand at room temperature. 

The resin miature (4*49) , homogenized by heating to 
5 60*C^ was poured into a laboratory dish (with an inner 

diameter of 90mm) with a flat bottom. Immediately^ 50ml of 
deionized water was slowly poured. The resin mixture yma 
dispersed in water, simultaneously precipitating white 
resin in the form of sponge. An hour later, deionized 
10 water waa changed and the dish was allowed to stand for 
another 3 hours. Then the spongy resin was taken out: and 
dried. 

A sample with an average thicJcness of 3.4iiBn cut out 
from the obtained resin had a bulk density of 0.18g/cm3. 

15 Since the specific gravity of the aliphatic ester-amide 

copolymer was 1.14, the volume ratio was 6.3. The spongy 
resin had a laminar structure with a large number of voida 
observed on the surface but a relatively small number of 
voids in the inside of the sample. 

20 The porous resins obtained by. using the mixtures of 

aliphatic ester^amide copolymers prepared in Test Bzamples 
18 to 20 with organic solvents and removing the organic 
solvents to change the configurations of the resin 
compositions can be used as various kinds of filters, 

25 moisture absorbing sheets, and further biodegradable 

materials in agriculture, forestry or fishery by ta3cing 
advantage of the biodegradable characteristics ot the 
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copolymer » 

TEST BZAMPU 22 

e«Caprolactona and e-caprolactam were polymerized by 
a rlng-opaning with sodium as an Initiator to obtain an 

opaque milX-whlta aliphatic estor-amido copolymer with an 
amid« unit ratio of 30 moll and a weight-average molecular 
Might of 14,000. 

The obtained aliphatic ester*amide copolymer (25 

10 parta) waa homogeneouaiy diaaolved in a solution of calcium 
chloride (25 parts) in methanol (25 parts) by stirring with 
heating to eUOout 60*c« The obtained resin mixture was 
milJcy viscous liquid at. 60*C# and lost its fluidity and 
solidified when allowed to stand at room temperature • The 

15 resin mixture was diluted 10 times by weight with methanol. 

Vhen the above resin mixture was added dropwise with 
stirring by a magnetic stirrer into aqueous solution of 
acetone at a volume ratio of acetone and water of 1 t 2/ 
the reein precipitated in the form of particles. The 

20 precipitated reein was separated, dried and examined with 
the scanning electron microscope. The resin was 
homogeneous porous fine particles with diameters from 1 to 
10pm with a lot of pores observed on the surface and 
inside. 

25 

TB8T BXAMPX^ 23 

A resin mixture dilutetl with 10 times (by weight) of 
metlianol was prepared as described in Test Example 22. 
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wbon th^ resin sujcture was added drcpwise JLnto water 
atirrad with magnetic stirrer, the resin precipitated in 
the form of particles. Conpared with the resin particles 
in Teat Bxainple 21, a little acre sticking were observed 
5 between particles, but exaxaination with the scanning 

electron microscope of the precipitated resin separated and 
dried showed that it was hoiogenecus porous fine particles 
with diiameters from 1 to 20pm» 

10' TEfiT BZAMPZ.S 34 

A resin mixture liquid was prepared as described in 
Test Bzanple 22 except that it was diluted 3 tioaes (hy 
weight) with methanol. When the resin mixture was added 
dropwiae into diethyl ether* stirred with a magnetic 

15 stirrer, the resin precipitated in the form of fine 

particles* The precipitated resin was separated, dried in 
the incubator at 30*c at a relative humidity of about 30%. 
and then allowed to stand In a room at a relative humidity 
of about 60%. The oalclum chloride in the fine particles 

20 deliquesced and fine partlolee became moist, .which proved 
that the fine particles obtained In the example had good 
moisture-absorption characteristics . 

As shown in Test Bzaaples 22 to 24, the aliphatic 
ester"»amide copolymers can be made into porous fine 

25 particles by using the aliphatic ester *amide copolymers 
dissolved or dispersed In an organic solvent which is not 
harmful to the human body and modifying the conf ig\iration 
thereof through removing the organic solvent from the 
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mixture without using any toxic or ©nvironmentally harmful 
solvent • 

TTST CXAMPUS 25 
5 S-Caprolactone and e-caproiactam were polyineri2ed by 

ring-K>pening with sodium as an initiator to obtaULn an 
aliphatic ester*amida copolymer. The copolymer was opaque 
and. milX-white, and had an amide unit ratio of 30 mol% and 
a weight-average molecular, weight of 14/000. 
10 The above aliphatic eater-amide copolymer (25 parts) 

waa homogeneously dissolved in a solution of calcium 
chloride (10 parts) in methanol (100 parts) by stirring 
with heating to about 60*C. The obtained res in mixture was 
mll)cy viscous liquid at about and lost its fluidity 

15 and soliddLfied when allowed to stand at room temperature, 
into the resin mixture which was in a homogeneous 
viscous solution state with heating to 60«c, a granular 
compound fertilizer (a commercially available fertilizer of 
phosphorus r ammonium nitrate and potassium) with a particle 
20 diam e t 4> r of 3mm and a mean weight of 25mg was dipped and 

taJcen out, the surface of the fertilizer being covered with 
the resin mixture. The fertilizer was allowed to stand in 
the incubator at about 30*C at a relative humidity of abotrt 
30% so that the methanol evaporated and the resin coating 
25 was obtained. The coated granular fertilizer was 29mg in 
mean weight and the weight ratio of the resin coating to 
the fertilizer granules was 16%. 

The ability of the resin- coating to restrain 
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fertiliser components from diaaolution waa examined in the 
following manner • The coated granular fertilizer waa put 
in a teat tube fed with lOal of water and the concentration 
of phoephorus coisponenta dissolved in water waa measured at 
regular intervaJLa by me€ma oi ICP emiaalon spectroscopic 
analyzer (SPS-4000 type manufactured by Seiko Blect:ronics^ 
Japan). Also for an uncoatod granular fertilizer with a 
mean weight of 25mg, the concehtyration of dissolved 
phosphorus components vras meaaured regularly in the sasia 
manner. The results of both the measurements ^uce shown in 
Pig. 7. 

Pig. 7 shows that the dissolution of phosphorus waa 
restrained to about 70% in the coated fertilizer. 

The biodegradability of the aliphatic eater-amide 
copolymer similarly syntheaiaed was also examined by 
measuring the amount of carbon dioxide gas generated when 
the powdered copolymer was biodograted in activated aludge. 
The result was that the amount of carbon dioxide gas 
generated for the first 22 days corresponded to 67% 
biodegradation, proving that the copolymer had sufficient 
biodegradability. The biodegradation of polycaprolactone 
("PtACCHL HI" numufactured by Oaicel Chemical industries) 
vrhich was biodegradable plastios measured in the same 
manner vaa 75%. 

A preaaed film made of .the same aliphatic eater-amide 
copolymer with an average thickness of 0.34mm was buried at 
a depth of 10mm from the soil surface in a laboratory dish 
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filled with the soil. The dieh was then allowed to stand 
in the incubator at about 30*C with the water content in 
the soil jnatintained at about 50%. One month later, blacJc 
fungus was seen attaching to the surface of the resin and a 
5 part of the film had disappeared. The weight reduced by 
40%. Examination of the pressed film with the scanning 
electron microscope, showed that the resin around the fungiis 
bad disappeared. 

10 T8SS BXAKPX^ 26 

€-Caprolactone and e-caprolactam were polymerized by 
ring-opening with sodium as an initiator to obtain an 
aliphatic ester-amide copolymer. The copolymer was 
translucent and pale-yellow, having an amide unit ratio of 

15 45 mol% and a weight-average molecular weight of 13/000. 
The obtained aliphatic ester-amide copolymer (25 
parts) was homogeneously dissolved in a solution of calcium 
chloride (25 parts) in methonal (100 parts) by stirring 
%d.th heating to about 60^. The obtained resin mixture vets 

20 pale-yellow milJcy viscoue liquid at about 60*C, and did not 
lose its fluidity even when allowed to stand at room 
temperature. 

Into the resin mixture, a gramular compound fertilizer 
(a commercially available fertilizer of phosphorus, 
25 ammonium nitrate and potassium) with a granule diameter of 
about 3mm and a mean weight of 25mg was dipped and ta)cen 
out, the surface of the fertilizer being covered with the 
resin mixture. The fertilizer was then dipped in water and 
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driad^ thereby the coated granular fertilizer being 
obtained, which waa 32mg in mean weight (the weight ratio 
of the resin coating to the fertilizer granules being 28% )• 
The ability of the resin coating to restrain 
5 fertilizer components from dlasolution was compared with 
uncoated fertilize- qranulea of the same v«ight in the aanke 
manner as described in Test: Bxample 25. The amount of 
phosphoruB components dissolved from the coated granular 
fertilizer was about 75% of that from the uncoated 
10 piurticulate fertilizer ^ proving that the resin coating was 
effective in slow releasing. 

The biodegradability of the aliphatic esrer-aalde 
copolymer in activated sludge was also measured and the 
amount of carbon dioxide gas generated for the first 28 
15 days corresponded to 60% blodegradation. Further the 

biodegradability of a pressed film made of the aliphatic 
ester •amide copolymer with an average thiOcneas of ©•34mm 
was examined in. the soil* (tee month later, black fungus 
was seen attaching to the surface of the resin and the film 
20 was observed partially having disappeared and cracked. The 
weight reduced by about 35%, which proved that the 
copolymer had sufficient biodegradability* 

TB8Z EZAKPLB 27 

25 The ester-amide copolymer (25 parts) as used in Test 

Bxample 25 was homogeneously dissolved to a solution of 
ceilcium chloride (10 parts) in methanol (100 parts) by 
stirring with heating to about 60»C- The resin mixture was 
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milJcy viscous liquid at 60«c, and lost its fluidity and 
solidifidd when allowed to stand at room temperature. The 
above aliphatic ester-amide copolymer, when heated, started 
to soften at 70*C and malted at 170*C. . 

Into the above resin mixture which was in a 
homogGneous viscous liquid state by heating to 60»C/ a 
granulitr con5>ound fortili2er (a commercially available 
fertilizer of phosphorus, ammonium nitrate and potassium) 
with a gramular diameter of about 2wm and a mean weight of 
25mg was dipped and ta]can out, the surface of the 
fertilizer being covered with the resin mixture. After the 
fertilizer was allowed to stand at room temperature for 
evaporation of the methanol, it was dipped in water and the 
resin coating was obtained. The resin film of the coated 
granular fert:ili2er was examined with the scanning electron 
microscope and it was found to be a porous film with a 
number of pores observed on the surface. 

Further, the coated granular fertilizer, after being 
uniformly heated to about 10p*C by means of a hot-air 
genera^r so that the resin on the surface softened, was 
cooled at room temperature. Examination of the film 
surface with the scanning electron microscope showed that 
the surface was smooth with few pores seen thereon. 

The coated granular fertilizer was dipped in water and 
the concentration of phosphorus dissolved therefrom was 
measured with time. For uncoated fertilizer granules with 
a mean weight of 25mg, the concentration of phosphorus 
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dissolved therefrom was also measured with time in the same 
manser. Both the results are shown in Fig. 8. 

AS clearly shown In Pig* 8, when the film surface was 
smoothed with heating after the coating, the dissolution of 
5 fertilizer components therefrom for the first 4 hours was 
reduced to about 5% or below, compared with the uncoated 
fertilizer. The coating was proved to be significantly 
effective. 

10 raST BXAMPLB 28 

The same aliphatic ester-amide copolymer (25 parts) as 
used in Teat Exaix^le 26 was homogeneously dissolved in a 
solution of calcium chloride (25 parts) in methanol (100 
parts) by stirring with heating to about 60*C. The resin 

15 mixture was milky pale-yellow viscous liquid at 60*'C, and 
did not lose its fluidity even when atllowed to stamd at 
room temperature. The above aliphatic ester*amide 
oopolymer, when heat«d, started to soften at 130^C and 
melted at 170*c, 

20 Into the above resin mixture, a granular coit^und 

fertilizer (a commercially available fertilizer of 
phosphorus, ammonium nitrate and potassium) with a gremular 
diameter of about 3mm and a mean weight of 2Smg was dipped 
at room ten^rature and ta)cen cut, the surface of the 

25 fertilizer being covered with the resin mixture. After the 
fertilizer was allowed to stand at room ten^rature for 
evaporating the methanol, it was dipped in water and dried 
at room temperature, thereby the resin coating being 
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obtained^ The coating film of the coated granular 
fertilizer was examined with the scanning electron 
microscope and it was a porous film with a number of pores 
observed on the surface, 
5 Further^ the coated granulaur fertilizer, after being 

uniformly heated to about 150*C by means of a hot-air 
generator so that the resin on .'the film surface softened, 
was cooled at room temperature; examination of the film 
surface with the scamning electron microscope showed that 

10 the surface was smoothed compared with the surface before 
the heating, but some pores was still seen on the surface* 
Bxamination of the film with a video microscope showed that 
the dLnside of the film contained a number of cells. 

The coated granulair fertilizer was dipped in 10ml of 

15 water and the concentration of phosphorus dissolved 

therefrom was measured with time. For uncoated fertilizer 
granules with a mean weight of ZSmg, the concentration of 
dissolved phosphorus was also measured with time in the 
same manner. Both results are shown in Fig. 9. 

20 As clearly shown in. Fig. ,9^ yhen the film surface was 

smoothed with heating after , the coating ^ the dissolution of 
fertilizer components therefrom for the first 4 hours was 
reduced to about 50% or below, compared with the uncoated 
fertilizer. 

25 As shown in Test Examples from 25 to 28, by changing 

the configurations of the aliphatic ester-amide copolymers 
dissolved in the organic solvents which does not harm the 

57 



8AD ORIGINAL ft 



217H98 



human body by removing the organic solvents/ a granular 
fertilizer can be coated with the biodegradable resins 
without using any toxic or environmentally hamdlul solvent 
so that residual coating resins will not destroy the 
enviromaent and the coated granular fertili2er with 
excellent alow-effeotiveness can. be obtained. 
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Khat: !■ claimad Lsi 

1. A composition of an aliphatic ©stor-amide copolymer 
which is Bolubla in an organic solvent with an LD50 value 

5 (orally adialnistered to a rat) of about 2,000 mg/kg or 
more* 

2. A composition according to claim I in which the 
eiliphatic eater-ajnide copolymer has a weight^average 

10 mole<Mlar weight within the range from about 1,000 to about 
10,000, 

3. A composition according to claim 2 In which the 
aliphatic ester-amida copolymer is constituted of; 

15 an ester unit represented by the following formula 

-O-Rl-CO- (1) 

/ Wherein Ri represents a Ci-6 at:raight-chain alkylene 
group or a branched chain allcylene group in which a part of 
20 the hydrogen atoms of said etxaight-chain al3cylene group 
is/are substituted with a Ci«3 alJcyl group, 
and/or the follcving formula (2)s 

-0-R2-OCO-R3-CO- (2) 

, wherein R2 rapreaents a C2*6 straight-chain al)cylene 
25 group or a branched chain alJcylene group in which a part of 
the hydrogen atoms of said straight-chain alkylene group 
is /are substituted with a C1-3 aUcyl group and R3 
represents a C2^10 8traight»chain alkylene group or a 
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branched chain alJcylena group In which a part of the 
hydrogen atoms of said straight-chain alkylcne group is/are 
subslritutod with a Ci-3 aUcyl group; and 

an amide unit represented: by the following formula 

(3)1 

-NH-R4-CO- (3) 

9 wherein R4 represents a C2-12 straight -chain 
aUcylene group or a branched ..chain alJcylene group in which 
a part of the hydrogen atoms of said straight-chain 
aDcyleiie group is /are substituted with a Ci-3 alJcyl group, 

and/or the following formula (4) 

-KH-R5-NHCO-R6-CO- (4) 

f wherein R5 represents a C2-6 straight-chain alkylene 
group or a branched chain alJcylene group in which a part of 
the hydrogen atoms of said straight-chain alJcylene group 
is/are substituted with a C1-3 alJcyl group and 
represents a C2-10 straight-chain aUcylene group or a 
branched chain, alkylene group in which a part of the 
hydrogen atoms of said straight ^hain alJcylene group is /are 
substituted with a C1-3 alJcyl group. 

4. A CCT^sition according to claim 2 in which the 
aliphatic ester-amide copolymer is biodegradable. 

5. A composition according to claim 2 in vrtiich the 
aliphatic ester-amide copolymer contains aliphatic amide 
units at a ratio within the range from about 10 to aJDout 80 
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tnolt on the mala chain* 

6. X composition according to claim 1 in which the 
aliphatic eater-amido copolymer is a modified aliphatic 

5 ester-amide copolymer in which a part or all of the 

hydrogen atoms of the amide^ groups thereof are substituted 
with an alJcoxymethyl and/or hydroxymethyl group. 

7. A composition according to claim 6 in which the ester 
10 unit of the modified aliphatic ester-amide copolymer is 

represented by the formula (I)t 

•0-Ri-CO- (1) 

^ wheredLn Ri represents a Ci-g straight-chain al)cylene 
group or a branched chain alkylcne group in which a part of 
15 the hydrogen atoms of said straight-^hain alkylene group 
Ls/arB substituted with a Ci-3 alkyl group, 

and/or the formula (2)t' 

-O-R2-OCO-R3-CO- (2) 

, wherein R2 represents .a C2-6 straight-chain alJcylene 
20 group or a branched chain alkylene group in which a part of 
the hydrogen atoms of said straight-chain alkylene group 
is /are substituted with a C1-3 alkyl group and R3 
represents a C2-10 straight-chain alkylene group or a 
branched chain alkylene group In which a part of the 
25 hydrogen atoms of said straight-chain alkylene group is/are 
substituted with a Ci.3 alkyl group. 
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8. A compoaitlon according zo claim 6 in which th« 
modified aliphatic estor-amid copolymer contains an amide 
unit repreaented by the following formula ( 3 ' ) : 
-HR7-R4-CO- (3») 
/ wherein R7 represents a hydrogen atom, an 
aUcoxyaethyl or hydroxymethyl group and R4 represents a C2- 
12 straight-chain allcylene group or a branched chain 
aUcylene group in which a part of the hydrogen atoms of 
said straight-chain alJcylene group Is /are substituted with 
a Ci-3 allcyl group, 

and/or the following formula ( 4 • ) i 

•NR7-R5-NR7CO-R6-CO- (4') 
/ wherein two R7 are, the same or different, as 
defined in the above formula (3*), R5 represents a C2-6 
straight-chain al)cylene group or a branched chain alJcylene 
group in which a par. of the hydrogen atoms of said 
straight-chain alkylate group la/are substituted with a Ci- 
3 alJcyl group, and R5 represents a C2-io straight-chain 
aUcylone group or a branched chain alJcylene group in which 
a part of the hydrogen atoms p£ said straight-chain 
allcylene group is /are substituted with a C1-3 allcyl group. 

9. A composition according: to claim 6 in which the 
aUcoxymethyl group is represented by the following formula 
(5)t 

-CH2-0-R8 (5) 

, wherein Re represents a C1.6 straight-chain alJcyl 
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group or a branched chain alkyl group in which a part of 
the hydrogen atoms of said str2Light-chain alkyl group 
is/aro substituted with a aethyl group. 

5 10. A composition according to cleujn 6 in which the 

modified aliphatic ester-amide copolymer is biodegradable. 

11. A composition according- to tlaim 6 in which the 
modified aliphatic ester-amide copolymer has amide units at 

10 a ratio withdLn the range from about 10 to about 80 mol% on 
the' main chain. 

12. A composition according to claim 6 in which the 
product of the ratio of amide units wherein the hydrogen 

15 atoms of the eimide groups are substituted with alkoxymethyl 
and/or hydroxymothyl to all the amide units of said 
copolymer and the ratio of all the amide units to all the 
units of sai. . copolymer is within the range from about 0.1 
to about 0»6. 

20 ; 

13. A composition according to claim 6 in which the peak 
attributable to crystalline .amide groups on the 
differential scanning calorlMter (DSC) chart shifts to a 
lower temperature than that of the basic unmodified 

25 copolymer or disappears. 
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14. A composition according to claim 1 comprising an 
aliphatic ester-amido copolyxaor and an inorganic metal 
salt* 

5 15. A composition according to claim 14 in which the 

inorganic metal aalt is at leaat one inorgajiic metal salt 
selected from the group consisting of a halide, nitrate and 
thiocyanate of a metal of group la, Iia^ lb or iit> of thm 
periodic table having an atooic number of 38 or lesa, or a 
10 mixture thercKjf. 

16. A composition according to claim 14 in which the 
aliphatic eater-amide copolymer is constituted of; 

an ester unit repreeented by the formula ( 1 ) : 
15 -o-Ri-co- (1) 

, wherein Rx represents a Ci-6 straight-chain al)cylene 
group or a. branched chain alley lene group in which a paxt of 
the hydrogen atoms of said straight-chain al)cylene group 
is/are substituted with a Ci-3 allcyl group, 
20 and/or the formula (2)i ; ^ 

-O-R2-OCO-R3-CO- (2) 

, herein R2 represents a .C2«6 straight-chain aUcylene 
group or a branched chain alkylene group in which a part of 
the hydrogen atoms of said straight-chain aUcylene group 
25 is/are substituted with a €1.3 al)cyl group and R3 

represents a C2-10 straight^-cbain alkylene group or a 
bretnched ch&in alkylene group in which a part of the 
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hydrogan atrais of a&ld s^raigh^-chain alkylana group i^/are 
sobsriru^ad wirh a Ci*3 al)cyl group; and 

an axnida unit ropraaontad by tha formula (2)i 

-HH-m-CO- (3) 
5 9 wherein Ri reprosonta a C2-12 .«*^*igii^*<^li^^ 

alkylane group or a branched chain al3cylene group in which 
a part of the hydrogen atona of aaid straight-chain 
alJcylene group ia/are aobatituted with a C1.3 allcyl group, 

and/or the following forsmila (4) 

10 •'KH-RS-HHCO-R^-CO* (4) 

%#herein R5 represents a C2*6 straight-chain alley lene 
group or a branched chain al3cylene group in vrtiich a part of 
the hydrogen atoms of aaid straight*chain alJcylene group 
is/are substituted with a C1-3 aUcyl group and R6 

15 represents a C2-10 straight-chain alkylene group or a 
branched chain alkylene group in which a part of the 
hydrogen atcm of aaid straight-chain alXylene group is /are 
Bubatituted with a alkyl group. 

20 17* A coavosition according to clalA 14 in which the 
aliphatic ester-amide copolyner is biodegradable. 

18. A cccposition according to claim 2 in which the 
aliphatic eater-amide copolymer contains aliphatic amide 
25 units at a ratio within the range from about 10 to about 80 
mol% on the main chain. 
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19. A solution of an aliphatic astor- amide copolyror In 
which the copclymar la dlsvolv^d In an organic solvent with 
an I1D50 value (orally admlaistexcd to a rat) o£ about 2,000 
mg/kg or more in the presence or absence of an inorganic 

5 metal salt. 

20. A solution according to claim 19 in which the organic 
solvent is at least one compound selected from the group 
consis^ting of an aliphatic alcohol wherein the number of 

10 carbon atooe on a continuous carbon chain is 6 or less, a 
glycolic ether the compound represented by the following 
formula (A) t 

R9(CXS2Cfl2)nRio (4) 
0 wherein R9 represents a Ci-4 alkyl group, Rio 
15 represents a hydroxyl, C1-4 AUcoxy, amino or acetyl group, 
and n is an integer frcoi 1 to 3, an aliphatic acid having 5 
or less carbon atoms, an aliphatic sulfoxide, and an 
aliphatic amide, or a mixture thereof. 

20 21. A solution according to claim 19 in which the organic 
solvent has a boiling point within the range from about: 
30*C to about 250*c. 

22. A solution according/to claim 20 in which the 
25 aliphatic alcohol is nethanol, ethanol, propanol, 
isopropanol, ethylene glycol or glycerin. 
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23. A solution according to claim 20 in which the glycolic 
Qthar typQ compound is 2*«thoxydthanol/ 2-inenioxyothanol, 
2-ethoxyethyl acetate, 2-(2«ethoxyethoxy)Gthanol or 2- 
methoxyethylamlne • 

5 • 

24. A solution according to 19 in which the 
aliphatic ester-amide ccpolymor is one as described in 
claim 2 • 

10 25. A solution according to claim 19 in which the 

aliphatic ester-amide copolymer is a modified aliphatic 
ester-^tmide copolymer as described in claim 6. 

26. A solution according to claim 19 which comprises an 
15 aliphatic ester^amide copolyi&er and inorganic skstal salt as 

defined dLn claim 14. 

27. A molded or casted artiole produced by dissolving a . 
coiq>oflition of an aliphatic afltAT-amido copolymer in an 

20 organic solvent with an LD50 -(orally administered to a rat) 
value of about 2,000 or more in the presence or absence of 
an inorganic metal salt and than roaoving the solvent fr«i 
the solution to change a configuration of the copolymer. 

25 28. A molded or canted artiole according to claim 27 
produced by using an aliphatic ester-amide copolymer as 
described in claim 2 as the composition of the aliphatic 
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ester-amida copolymer • 

29. A molded or casted airticlo according to claim 27 
produced by using an aliphatic eeter-^euaide copolymer as 
described in claim 6 aa the composition of the aliphatic 
ester-amide copolymer. 

30. A molded or caatad article according to claim 27 
produced by using an aliphatic ester-amide copolymer and 
inorganic metal aalt as described in claim 14 as the 
composition of the aliphatic ester-amide copolymer. 

31. Use of the composition of claim 2 in manufacture of 
molded or casted articles. 

32. Use of the composition of claim 14 in manufacture of 
molded or casted articles. 

33. Use of the solution of claim 19 in manufacture of 
molded or casted articles • 
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